Zusammenfassung. Lipidschfiden Abstract. The damage to tuna fish lipids induced by cooking was investigated in the Thunnus obesus and Th. thynnus varieties, using conventional and fluorescence detection methods, and the results were compared. As a consequence of thermal processing, the peaks at longer wavelengths increased, which correlated with other conventional indices of lipid damage (i. e. carbonyl compound formation, browning and increases in the free fatty acid content). A special significance was given to the fluorescence ratio between the maxima of the excitation emission data at 393/460 nm and 327/415 nm; increases in this ratio as a result of cooking were less dependent on the samples than were other conventional methods of measuring lipid damage.
Introduction
Marine foods are rich in polyunsaturated fatty acids (PUFA) [1] , making them susceptible to a deterioration in quality following processing and/or storage [2] [3] [4] .
Many methods have been used to measure primary (hydroperoxides) and secondary (carbonyl compounds) oxidation products in foods, as a way of determining the degree of lipid degradation [5, 6] . It has been shown that both these kinds of products may react with aminated food constituents (proteins, peptides, free amino acids and phospholipids) to produce fluorescent compounds, browning and flavour compounds [7] [8] [9] [10] [11] [12] . Nowadays, it has become commonplace to measure the degree of lipid degradation by quantifying these products using fluorescence detection [13] [14] [15] . So far, these measurements have been conducted only at a single excitation/emission wavelength maximum.
Previous studies carried out by our research group have measured the fluorescence properties of fish samples at different excitation/emission maxima. A study of the interaction between acetaldehyde and albacore tuna fish muscle showed that increasing acetaldehyde content as well as the time and temperature of the reaction led to a shift in the fluorescence peaks [16] . Furthermore, analysis during albacore canning following different sterilization procedures revealed a shift in the fluorescence peaks to a longer wavelength that was greatest in the case of the most extreme sterilization treatment [17] .
On the basis of these observations [16, 17] , the present work was aimed at comparing this fluorescence shift with other indices of lipid damage measurement following the cooking of two different tuna species (Thunnus obesus, big eye and Th. thynnus, bluefin). These other indices are derived from the quantification of products of lipid hydrolysis (i.e. free fatty acids, FFA) and oxidation (i.e. conjugated diene and carbonyl compounds), as well as the study of interactions between damaged lipids and other molecules (browning development).
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where V denotes the volume of the extract (5 ml) giving fluorescence F, and w is the mass (mg) of the lipid sample used.
Spectrophotometric measurements. All spectrophotometric determinations were carried out by a Beckman DV-64 spectrophotometer. FFA content was determined by the Lowry and Tinsley method [20] , based on a complex formation with (AcO)2Cu-pyridine. Brown colouration of lipid extracts was measured at 420 nm [21, 22] , whilst conjugated diene formation was measured at 233 nm [6] . Carbonyl development was assessed following the method of Chiba et al. [23] .
The results shown in Table 3 , i.e. quantification of conjugated diene and carbonyl compounds were calculated using the following formula [19] :
where B is the absorbance reading, V denotes the volume of the sample (5 ml) and w is the mass (mg) of the lipid extract measured. In the case of brown colour formation, the same formula was used, although Table  3 presents absorbance values multiplied by a factor of 1000.
Fluorescence ratio 
Materials and methods
Raw materials and processing. Two commercial tuna fish species were used: big eye (Th. obesus) and bluefin (Th. thynnus). The fish were purchased from a commercial centre and, upon arrival at our laboratory, they were kept frozen at -20 ~ prior to analysis. The fish were beheaded and eviscerated and then five big eye (BE) and four bluefin (BF) fish were selected. In our pilot plant the fish were cooked (102-103 ~ to a final backbone temperature of 65 ~ then they were cooled at room temperature (14 ~ for about 5 h.
Individual fish were analysed separately and, thus, a profile of those changes occurring during the cooking process was determined for each of the detection methods.
Lipid extraction. Lipids were extracted from raw and cooked samples by a mixture of chloroform methanol and water following the Bligh and Dyer method [18] ; then they were stored at -20 ~ until analysis.
Fluorescence measurements. The excitation and emission spectra of the lipid extracts were determined using a Perkin-Elmer LS 3B fluorescence spectrophotometer. Measurements were made at the
Results and discussion
Fluorescence spectra of the different samples were measured at different excitation/emission maxima. The peak at 479/516 nm was very low and was not considered when discussing the present results. This maximum was interesting in the model study of the interaction between acetaldehyde and tuna fish muscle [16] . However, the present study is of an actual process rather than a model, and the interaction between oxidated lipids and biological aminated compounds is not so advanced. Table 1 shows the different values obtained from four excitation/emission maxima for raw and cooked samples. As a result of thermal processing, an increase in the four excitation/emission maxima was found; as a general rule, increases were greater the longer the wavelength of the peaks.
In the above-mentioned model [16] of the interaction between albacore and muscle and acetaldehyde, a fluorescence shift to longer wavelength maxima was obtained as a result of acetaldehyde concentration, time and temperature of reaction. In another previous study, in which the fluorescence formation during the canning of albacore fish was followed [17], the results indicated that the most acute sterilization step led to the greatest shifts in the fluorescence spectra, especially in the largest peaks.
Solid sample spectrofiuorometry [24] (at 370/460 nm and 450/500 nm) was used to ascertain the oxidative deterioration of fish samples. According to our results, the fluorescence intensity of the second peak increased as oxidation progressed, while the first one was unaffected.
In order to establish whether there was an increase in the fluorescence peaks at longer wavelengths, the ratios between the maxima of different spectra have been calculated and are presented in Table 2 . It can be concluded that cooking results in the formation of fluorescent compounds
